
Project Introduction

The purpose of the project is to characterize an appropriate detector for the
Goddard Miniature Coronagraph (GMC) that is of low risk, yet able to provide
high temporal and spatial resolution for making temperature and flow-speed
measurement in the solar corona. The detector being studied is a CCD camera
with the capability to measure the polarized light of the corona. This will
eliminate the need for the polarization wheel mechanism, which is typically
used in traditional coronagraphs. Use of a polarization detector will reduce the
mass and volume of GMC and lower the risk as well because one less
mechanism will be employed. The characterization will involve observing the
full moon and the 2016 total solar eclipse to optimize the exposure times of
the coronal images taken using different filters.  

Coronagraphs are the key heliophysics instruments that image the corona and
traneint objects such as coronal mass ejections (CMEs), which  have wide
ranging impact on the interplanetary spacecraft to geospace and life on Earth.
Coronagraphs need to block the photospheric light of the Sun, so the corona
(about a million times dimmer than the photosphere) can be imaged. Blocking
the photospheric light is possible by an external occulting disk (occulter) in
front of the objective lens of the solar telescope.  One of the constants
problems in coronagraphs is the photospheric light diffracted by the external
occulter that enters into the coronagraph system due to scattering by the
optical elements.  By suitably designing the occulters and stops the intensity
of diffracted and scattered light needs to be reduced. The optical design of
traditional coronagraphs, developed by trial and error, has been driven by the
level of diffracted stray light from the external occulter.  It is now possible to
model the stray light using state-of-the art optical design software. Research
at Goddard has demonstrated that it is possible to build a miniature
coronagraph reducing the mass, volume, and cost by 50% compared to
traditional coronagraphs without compromising on the performance. The
challenge in such a miniature coronagraph is controlling stray light and
diffraction using clever design of the occulter and the baffles. This project is
aimed at further miniaturization of the Goddard Miniature Coronagraph by
eliminating the polarization wheel mechanism with the use of a polarization
camera. Traditional coronagraphs use a filter wheel and a polarization wheel
mechanisms. By eliminating the polarization wheel, one of the mechanisms is
eliminated and hence the risk is reduced. Furthermore, the mass of the
instrument is also reduced. When a coronagraph is used for measuing the
electron temperature and flow speed, one has to make images at four
different filters. For each filter, the light intensity needs to be measured with
three different polarization angles. For measuring the temperature and flow
speed of the corona, the filter images need to be as close in time as possible.
Using a polarization detector eliminates one of the mechanisms (polarization
wheel) and allows us to do better science because images with various filters
can be obtained much closer in time. For an exposure time of 10 sec, the
polarization camera will cut down the sweep time by 30 sec. The core of the
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technology involves mounting a polarization strip to the front of the CCD and
taking images that constain the polarization elements. Four neighboring pixels
measure the polarized intensity at four different angles. Combining these
pixels, one obtains the polarized signal that is needed for the scientific
measurements. The quantum efficiency of most of the CCDs is low in the blue
end. The filters to be used for scientific measurements are close to the blue
range. The quantum efficiency of the best available CCDs range from 0.4 to
0.55. In order to obtain the optimal exposure times for the four filters, the full
moon will be observed with polarization detector and the four filters mounted
on a solar telescope.  The moon imaging will also validate the SNR
performance of the instrument/camera.  
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Primary U.S. Work Locations

Maryland

Images
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(https://techport.nasa.gov/imag
e/19293)
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